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SUMMARY 



An approximate method of applying the available data 
on various types of flaps in the design of fighter brakes 
is presented together with several examples of its use. 
The examples presented herein' show the computed results 
of the application of various arrangements of perforated 
double- split flaps and combinations of upper- surface per- 
forated split flaps and an UACA clotted flap for use as 
brakes on a fighter airplane. The computed effeots of 
flap type, size, location, and deflection as well as the 
effects of altitude and initial velocities on the braking 
characteristics are shown in the examples. 

INTRODUCTION 



A need has arisen for devices. that will temporarily 
reduce the velocity- of attacking fighter ' aircraft in order 
that the pilot will have more time for firing.. Two of the 
desirable characteristics that a fighter "brake should have 
are? (l) enough increase in' drag coefficient to decelerate 
the. airplane within a •reasonahle,' time after thel brakes 
are applied; and (2) enough increase in lift coefficient 
to maintain level flight as the velocity is reduced, with 
as small changes as possible in angle of attack and con- 
trol position. 

In view of this need for fighter br'akes, the NACA 
has undertaken an investigation to determine the appli- 
cability of various existing types of.flap and to develop 
methods of applying data on these flaps in the design of 
fighter brakes. 



] 



METHODS ©P CtMPUTIfiONS 



The preliminary requirements for brakes .on a fighter 
airplane (fig, l) were: (l) indicated velocity to be 
reduced from 400 fco 300 miles per hour in 4 seconds, (S) 
brakes to: occupy the same span as the existing flaps, (3) 
average acceleration to be about 1.5g. The airplane 
geometric characteristics used in the computations were: 

S wing area, 260 square feet 

h wing span, 38.0 feet 

c wing mean aerodynamic chord, 7,01 feet 

t)£ flap span, 0.5 25"b (not including fuselage) 

c^ average flap chord, 0,308e 
W gross weight, 7063 pounds 

The effects of the flaps were assumed not to con- 
tinuous through the fuselage. 

Por the preliminary investigation in which the per- : 
forated double- split flaps were used, an arbitrary flap 
motion was assumed: the upper and lower flaps deflect 
equally Lo 40° in 5 second, then to a maximum of 60 p .in 
the next 3 seconds, and then hack to zero in the. next 
second', Angle-of attack a, (for constant lift), lift 
coefficient C^, drag coefficient C-p } and pitohing-' 

moment coefficient C m , acceleration a, and indicated 

velocity V* were 1fhen determined from the data in ref- 
erence 1 by a step-by- step method as in reference 2, 
using half-seeon8 intervals and the following relation- 
ships : 

Change in true velocity V per unit time t, 



Change in indicated velocity V per unit time t, 



t 



where 

g gravity (3.2.2 ft/sec 3 or 21. S mph/sec) 

°" ratio of density at altitude to sea-level density 
■Cp/pJ 



•Indicated velocity V, mil eg- per hour 



U3 3 v ' (t - 0.5) - 

at sea level 



o" g (0.5) (21.9) 



AC, 



V (t) " 1 (t - 0.5)"V 



- [ 10.95 -g-^ j 



L / 



at 25,000 feet 



(t) = V '(t - 0.5) - L' C 



(0.67)(10.95) -^-2- 

L ■ 



Sq 



7063 



260 



Viooy 



25.5 



1,061 

Vioo/ 



and q_ is dynamic pressure yJ-TPV y ■ 



The effects of 



changes in thrust during deceleration were neglected in 
order t o simplify the computations, 

In the eases where the angle of attack was maintained 
at a constant value, the flaps were assumed to operate 
differentially in such a manner that the larger deflec- 
tion of the lower flap supplied the lift . coefficient nec- 
essary to maintain the constant angle of attack and the 
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drag and deceleration characteristics remained the same 
as those of the arrangement with equal up-and-down de- 
flections, 

for the investigation of the use of the slotted flap, 
an arbitrary acceleratfon curve was assumed; the acceler- 
ation increased uniformly from zero to l,0g in 1 second, 
remained constaat at l,0g for 3,5 seconds, and decreased 
to zero in the next second, Prom this acceleration curve 
and the initial velocity and altitude, it was possible to 
compute the curves of velocity, lift cpefficient, and drag 
coefficient against time, Prom these 'basic relationships, 
the data in references 1 to 3, and the data presented in 
figure 2, it was possible to compute the characteristics 
of the various combinations of split flaps and slotted 
flaps* Figure 2, based on unpublished data, presents 
estimated characteristics of the fighter wing with a 
slotted flap. 

It must be remembered that } in the use of data from 
references 1 and 2, curves for the coefficient increment s 
were drawn through points, at flap deflections of 0°, 30°, 
and 60°, with no intermediate points. Although these 
data are considered reliable and are sufficient for use 
in determining the capabilities of a system, it is recom- 
mended that jnore data at intermediate flap deflections be 
obtained for use in specific designs. 

DISCUSSION 
Perforated Double-Split Flaps 



The computed characteristics of the airplane equipped 
with various arrangements of perforated double- split flaps 
are shown in figures 3(a) to 5. The effects of altitude 
arid differential operation of the flaps are shown in fig- 
ure 3(a) for the flaps located at 0,?92c. The effects of 
increased altitude are to increase the maximum accelerat- 
ion and to decrease the indicated~velocity red\ieti.oa* 
With differential operation of the flaps the changes in 
the wing pitching- moment coefficients and angle of attack 
during deceleration Canoe minimized and i n seme cases 
can be eliminated, Figure 3(h) shows that for the same 
flaps a change in initial indicated velocity from 400 to 
300 miles per hour decreased, both the maximum acceleration 
and the indicated- velocity reduction Toy about 40 percent. 
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Moving both the flaps forward to the 0.60c line iacseased 
both the maximum acceleration and the indicated— velocity 
reduction by about 10 percent (fig. 4). Figure 5 shows 
the computed characteristics of the airplane with the 
-pf upper flap located at 0. 7.92c and the lower flap located 

-jfr at 0.40c; this arrangement produced the same acceleration 

J and indicated- velocity reduction as the arrangement having 

both flaps at 0,792c but produced a much larger change in 
wing pitching- moment coefficient. D^,ta in references X 
and 2 indicate, however, that there would be less wake 
effect on the tail of the fighter airplane under consid- 
eration if the staggered flaps were used. The estimated 
wake locations are indicated, in figure 6. 



Combination of Slotted and Split Flaps 

The computed characteristics of the airplane equipped 
with a slotted flap and three sizes of perforated upper- 
surface split flap located at Q„80c are shown in figures 
7 to 9. from these figures it can be seen that the flap- 
deflection system and the size of the upper- surface flap 
can be so designed that the effects of the flaps on angle 
of attack and wiag pitching- moment coefficient will be 
minimized. 

A more complete determination of the effects of any 
of the flap arrangements on the longitudinal stability and 
control should be made by wind-tunnel tests of a complete 
model of any proposed installation. Past experience has 
shown that, in any brake installation utilizing split 
flaps, the area of the flap should be reduced by at least 
25 percent by perforations in order to reduce tail buffet- 
ing. 

Operating Forces 

A large amount of data has been published on the 
hinge-moment and load characteristics of various split 
and slotted flaps, but comparatively little is known about 
the effects of perforations or of various methods of Op- 
eration on the forces required to deflect split flaps. 
The results of some experiments on various methods of Op- 
erating split flaps have been reported in reference 4 but 
the effects of large amounts of perforation were apparently 
not considered, In view of the rapid flap operation re- 
quired at high velocities in the use of fighter brakes, 
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it is recommended that additional research be undertaken 
to determine the effects of perforations and methods of ' 
operation on the loads and the operating farces of brake . 
flaps. 

CONCLUDING- REMARKS 



An approximate method for the application of data on 
various types of flap to the design of fighter "brakes "has 
been presented together with several examples 'of its ap- 
plication. 5h© examples presented show the computed ef- 
fects of flap type, size, location, and deflection as well 
as the effects of altitude and initial velocity on the 
braking characteristics of a fighter airplane. The results 
of the study indicated the desirability of obtaining more 
complete data or the various types of flap and also the 
desirability of wind-tunnel tests for determining the ef- 
fects of the brake flaps on the longitudinal stability and 
control characteristics of the airplane. 

In view of the comparatively rapid flap operation re- 
quired at high velocities in tne use of fighter brakes, 
it appears that additional research on flap loads and op" 
erating forces is necessary. 



Langley Memorial Aeronautical L'aborat or ^ , 

National Advisory Committee for Aeronautics , 
langley Field, Va. 



REFERENCES 



Purser, Paul E, , and Turner, Thomas R.J Wind-Tunnel 
Investigation of Perforated Split Flaps for Use as 
Dive Brakes on a Rectangular NACA 23012 Airfofl. 
NACA A. C.R. , July 1941. 

Purser, Paul E., and Turner, Thomas R.J Wind -Tunnel 
Investigation of Perforated Split Flaps for Use as 
Dive Brakes on a Tapered NACA 23012 Airfoil. HACA 
A.R.R., Nov. 1941, 

Rogallo, F. 14, i Aerodynamic Characteristics of a 
Slot-Lip Aileron and Slotted Flap for Dive Brakes. 
NACBA,C,R, , April 1941. 

Irving, H. B,, and McMillan, 0. A, J Some Experiments 
on the Balancing of Wing Brake Flaps. R. & M. Ho. 
1864, British A.R, 0. , 1939. 



3 




Figure J.- Three-view dr* winy of the fiphterainpfonz 
qss umed in the computations. 
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Flap deflection, 6^. , dog 

Figure 2 — Estimated increments of lift, drag, and pitching-moment 

coefficients due to deflecting a( 0.208 c by 0.525 t>) slotted 
flap on tho wing of a fighter airplane cfc =0°. 
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f«0 Effects ef altitude qnd differential flap operation . 

Figure 3 r^Qo/npuied time- history c harvct eristics during deceleration 
of- the. fighter cj/'rp/q&e. e^oippad wit/> fijhtzr can- 
sisti/jf orC.£08c by 0,5256 perforated double %p/if fhp&. 
r~teps located art &79Zc. 
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Figure 4 - Computed time- history c farocter isiics dariti? deceleration 
of {he. fiyhtw wp/crti* eauifiped with ft'jh ter 6rvkes con- 
s/W/}y af0.208o 6y aSZSl /> erfo nted dot*6/s y>Jft fjctos, 
F/aps /oc<rte.d <rt 0.60c 
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FijOre S Computed time.- history cfarttcter/stits during c/ecelerat/on 
of the fighter airplane equipped with fighter brakes con- 
sfsf/'/ty of 0,208c perforated double split f/qpS- 

Upper flap heated at O. 79Sc } lower f Zap at O.^Oc with a. 0.10c 
gap. Flap defied }0h for constetnt ac. ( Com poied for sect /eve/i 
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figure 6,- Istimateci wake locations for the fighter airplane equipped 
with 0.208c "by 0.525"b perforated double split flaps, 
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Figure 7 ^Computed time-history charex.cte.-r/s-tics dLuri^q 

<te ce/ejr oJri on of the fighter airplane eguippedt 
w/th f/yhfeY brakes consisting of a. 0.208c by 
0.5 IS h slotted. flGLo and a. 0.1 Sc 'by Qs^25£ upper - 
surface perfa-ra.ted Sf>//f f/a-p.^ompufed for&ea, 
ieye/1 Upper f/ap heated atO-SOc. ' 
\ 
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Figure 8 - Computed time- history characteristics during 
de.ee/eTa.-tioTn Of -the. fighter cL/yplctne equipped 
With fighter byeuKes co-nsistny of a 0.20&C by 0.525b 
slotted f/oLp arid ou 0.20c by 0.5 2Mb upper-surface 
perforated sp/ft fMp (Computed far sea. level). 
Ckper-srjf face f ~Jap /ocat ed at 0.80c.Two f/qp deflection systems. i?3-*s-+> 




Figure 9 - Connpi/ted -time- history cha.ya.cter istics during 
dece/erot'tion of -ih& fighter airplane equipped 
with fighter brakes corts/sfiriq of «t 0.208c by 0.5Z56 
Slotted, flap an da. 0.25c by V.52Sb upper-surfo.ee- 
p e rfo rated sp/ii flap. (Co*? puted for sea level) 
tipper- surface f/qp /ocqied cti 0.80c. 83-26-^x. 



